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(54) ELASTIC BOUNDARY WAVE DEVICE 

(57)Abstract : 

PURPOSE: To make a temperature characteristic excellent, to reduce insertion loss 
and to make productivity excellent by forming a SiO film on a ?° rotation Y-cut 
tantalic acid lithium single crystal substrate and defining the thickness of ? and 
Si02 films as a specified condition. 

CONSTITUTION: In the Si02 film 12 thickness dependency of the propagation speed of 
the elastic boundary wave BAW in a Si02/?° rotation Y-cut Xpropagation tantalic acid 
lithium single crystal piezoelectric substrate, the Si02 film 12 thickness (h) is 
standardized by a BAW wavelength ? (electrode cycle) and a cut angle 8 is made 
100<?<124 or 128<?<150. Because the dispersion of transmission speed is proportional 
to the dispersion of a center frequency when products are mass-produced, the small 
change of propagation speed for the dispersion of the Si02 film thickness is 
significant to improve a good item ratio, when the BAW is used, as the Si02 film is 
thickened by any ?, the change of propagation speed becomes small, when the 
dispersion of the film thickness at the time of the preparation of the Si02 film is 
15%, the dispersion of the center frequency of products can be made below 0.15% by 
setting h/?>l. Therefore, a temperature characteristic is made excellent, insertion 
loss is reduced and productivity is made excellent. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

;claim(s)] 

Xlaim 1]A rotation Y cut lithium tantalate single crystal piezoelectric board of 
the angle theta. 

To a main table side of said piezoelectric board, it is an electrode finger of a 
couple at least. 

It is the elastic boundary wave device provided with the above, and cut angle theta 
of said piezoelectric board was set to 100< theta<124 or 128< theta<150, and it was 
referred to as h/lambda >1. 
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[Claim 2]An elastic boundary wave device which has the relation between 0.5<18x 
lambda/h / | theta-126| <1 in claim 1 between cut angle theta of the thickness h of 
said silicon oxide, and said piezoelectric board. 

[Claim 3]An elastic boundary wave device set to 130< theta<145 in claim 1. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^Industrial Application]This invention relates to filters for communication with 
which a miniaturization is demanded, such as light, radio, or a television IF 
(intermediate frequency) filter. 
;0002] 

^Description of the Prior Art]The elastic boundary wave device is known for the 
mobile communications field as a micro filter. An elastic boundary wave is an 
elastic wave which can exist near the boundary of a substrate and a nonmetallic film 
by forming a sufficiently thick nonmetallic film on the piezoelectric single crystal 
board of special conditions. For this reason, an elastic boundary wave device has 
the strong point which does not need packaging with the container which brings about 
volume increase. 

[0003]The elastic boundary wave (BAW) reported conventionally, . There is a silicon 
oxide (it abbreviates to Si02 below) / 126 degree rotation Y cut X propagation 
lithium tantalate single crystal piezoelectric board. (For example) IEEE and 
transactions . one And [ Sonics ] The ultra Sonics . S You 25 volumes From the 384th 
page to the 389th page of six No. (1978) (IEEE Transactions on sonics and 
ultrasonics, SU-25, No. 6 (1978), pp. 384-389) 
0004] 

Problem(s) to be Solved by the lnvention]A Si02/126 degree rotation Y cut X 
propagation lithium tantalate single crystal piezoelectric board has bad temperature 
characteristics. For this reason, it was impossible to have produced the elastic 
boundary wave device with which it can be satisfied of the specification of a 
system. 

[0005]The purpose of this invention is to provide the good BAW device of temperature 
characteristics, in order to solve such a conventional problem. 
;0006] 

^Means for Solving the Problem]The above-mentioned purpose can be attained by 
setting thickness of a Si02 film to h/lambda >1 to a piezoelectric board using a 
theta degree rotation Y cut x propagation lithium tantalate single crystal 
piezoelectric board which is 100< theta<124 or 128< theta<150. 
[0007]Here with a theta"" rotation Y cut lithium tantalate single crystal 
piezoelectric board. A lithium tantalate single crystal piezoelectric board which 
cut down a lithium tantalate crystal to a direction theta"" Leaned to standard +z 
shaft orientations for IRE from standard + Y-axis for IRE or a direction theta"" 
Leaned to standard -z shaft orientations for IRE from standard - Y-axis for IRE so 
that it might be an abbreviated perpendicular (less than 1 degree of errors) is 
meant, h expresses thickness of a Si02 film and lambda expresses a cycle of a comb 
shaped electrode. 
;0008] 

^Function]ln order to investigate an operation of the above-mentioned structure, 
artificers produced the elastic boundary wave element which used the Si02/theta"" 
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rotation Y cut lithium tantalate single crystal piezoelectric board, and 
investigated the propagation characteristic. The electrode structure of the created 
element is a 2 opening resonator of the electrode period of 4 micrometers, ten pairs 
of logarithm, and the opening length 110 lambda (lambda: electrode period). The Si02 
film was created by RF sputtering technique. As a result, the following things were 
understood . 

[0009]"" irrespective of theta, the rate of an excellent article of an elastic 
boundary wave device improves rapidly at the time of h/lambda >1. This situation is 
shown in drawing 1. 

[0010]"" With the structure of a Si02/126 degree rotation Y cut X propagation 
lithium tantalate single crystal piezoelectric board, even if it thickens a Si02 
film, temperature characteristics do not become good. 

[0011]"" Also 100< theta<150, BAW exists, in particular, in 100< theta<124 or 128< 
theta<150, if thickness of a Si02 film is set to h, in h/lambda, temperature 
characteristics will become good extremely 1 to about three. This situation is shown 
in drawing 2. when the relation of 18x lambda/h / | theta-126|=l is materialized 
between theta, h, and lambda, absolute value |TCD| of the primary temperature 
coefficient TCD in the room temperature of a time delay rate of change shows the 
minimum. 

[0012]"" An electromechanical coupling coefficient becomes the maximum about theta= 
138. This situation is shown in drawing 3. It exceeds 2% by 130< theta<145. 
[0013]From the above thing, the experiment showed that | TCD | showed the minimum by 
carrying out h/lambda near 1 to 3 at the time of 100< theta<124 or 128< theta<150. 
For this reason, temperature characteristics can create a good elastic boundary wave 
device by using this condition. 

[0014]By being referred to as 18x lambda/h / | theta-126 | =1, temperature 
characteristics can create a good device further. 

[0015]The biggest pi ezo-el ectri c effect is acquired by using 130< theta<145. For 
this reason, the small elastic boundary wave device of a loss can be made. 
[0016]The mass production nature of an elastic boundary wave device can be raised by 
using h/lambda >1 irrespective of theta. 

[0017]Since the surface is protected by the nonmetallic film, physical and chemical 
deterioration of an electrode does not generate BAW. Since it is the indirect 
influence which intervenes a nonmetallic film also to external force, change of the 
characteristic is very small even if it applies a wrap and a silicone adhesive to a 
nonmetallic membrane surface by a malt agent. For this reason, it is not necessary 
to perform packaging using the container which enlarges volume, and a device can be 
miniaturized. 

;ooi8] 

^Example]The Si02 film thickness dependency of the propagation rate of BAW in a 
Si02/theta"" rotation Y cut X propagation lithium tantalate single crystal 
piezoelectric board is shown in drawing 1 as one example of this invention. The Si02 
thickness h is standardized on the BAW wavelength lambda (= electrode period). The 
Si02 film was created by RF sputtering technique. The created elements are 
h/lambda=0.5, 1, 1.5, 2.0 and theta= 100, and 108, 114, 120, 126 and 
132,138,144,150. 

[0019]Since the variation in a propagation rate is proportional to the variation in 
center frequency when mass-producing a product, it is a very important problem to 
the improvement in the rate of an excellent article that change of a propagation 
rate is small to the variation in Si02 film thickness. The rate of change in a 
propagation rate becomes small as any theta thickens a Si02 film, when BAW is used, 
in this invention, if variation in the thickness at the time of Si02 film creation 
is made into ""5%, h/lambda >1 will be used. 

Therefore, it is the center frequency variation of a product 0.15% It is made to 
below. 

[0020]The temperature characteristics of BAW in a Si02/theta"" rotation Y cut X 
propagation lithium tantalate single crystal piezoelectric board are shown in 
drawing 2. A vertical axis is |TCD|. 

[0021]theta from which | TCD | certainly becomes the minimum exists in 100< theta<124 
and 128< theta<150. It carries out asymptotic [ of this theta both ] to 126 degrees 
as a Si02 film becomes thick. Since it is perfect BAW 126 degrees, even if a Si02 
film thickens, if | TCD | is at zero, it carries out asymptotic [ of it ] to **** and 
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constant value. As a result of |TCD| f s investigating the relation between theta 
which becomes the minimum, and h/lambda by interpolating measured value, it was 18x 
lambda/h / | theta-126 | =1. 

[0022]lt is known that elasticity will change if a Si02 film differs in a 
preparation method, in particular, it is known for the CVD method that the ratio of 
Si to 0 can make it change (it is written as a Si02 film here including this 
although expressed a common-name SiOx film), and temperature characteristics will 
change a lot by changing the mixture ratio of gas sauce. For this reason, it 
inquired with an ordinary pressure CVD method and plasma CVD method in addition to 
RF sputtering technique. Thickness h/lambda of a Si02 film of used theta of a 
piezoelectric board is 0.5-1 144 degrees. 

[0023]As a result, when an ordinary pressure CVD method was used, |TCD| was somewhat 
set to h/lambda=0.8 - 0.96 from RF sputtering technique to the minimum with the 
small value, when plasma CVD method was used, |TCD| became the minimum with 
h/lambda=0.5 - 0.9, and a value quite smaller than RF sputtering technique. 
;0024]when the above result has the relation between 0.5<18x lambda/h / 
theta-126 | <1, one technique of the above shows that |TCD| is made to the minimum, 
in this invention, it has a relation of above-mentioned theta, h, and lambda. 
Therefore, |TCD| is small, that is, can make the elastic boundary wave device which 
was excellent in temperature characteristics. 

[0025]The electromechanical coupling coefficient (k2) of BAW in a Si02/theta** 
rotation Y cut X propagation lithium tantalate single crystal piezoelectric board is 
shown in drawing 3. It exceeds 2% by 130< theta<145. 130< theta<145 is used in this 
i nvention . 

Therefore, the biggest pi ezo-el ectri c effect can be acquired. 
For this reason, the small elastic boundary wave device of a loss can be made. 
[0026]ln the device using an elastic wave, the symmetry of the crystal of a 
piezoelectric board to the theta"" rotation Y cut and the theta**+180-degree 
rotation Y cut are completely equivalent. For this reason, the above-mentioned 
invention applicable also to a theta**+180-degree rotation Y cut lithium tantalate 
single crystal piezoelectric board is clear. 

[0027]Other examples of this invention are shown in drawing 4, drawing 5, and 
drawing 6. Drawing 4 shows a 1 opening resonator, drawing 6 shows a 2 opening 
resonator, and drawing 5 is a sectional view. The Si02 film 12 is formed on the 
lithium tantalate single crystal piezoelectric board 10. Between the lithium 
tantalate single crystal piezoelectric board 10 and the Si02 film 12, the comb 
shaped electrode 11 of the electrode period lambda which excites BAW of the 
wavelength lambda exists. 

[0028] Accordi ng to this invention, in order for the Si02 film 12 to work as a 
protective film of the comb shaped electrode 11, it is not necessary to perform 
packages with a container which enlarges volume, such as a can package. 
[0029JSi nee the propagating direction of BAW is made in the standard X axial 
direction for IRE, PFA (PowerFlow Angle: angle which phase velocity and group 
velocity accomplish) can be made into zero. Since this can perform an electrode 
design, without considering PFA, there is the strong point which a design comprises 
easily. 
;0030] 

^Effect of the inventi on] Accordi ng to this invention, a Si02 film is formed on a 
theta"" rotation Y cut lithium tantalate single crystal piezoelectric board, if 
thickness of theta and a Si02 film is made into the above-mentioned conditions, 
temperature characteristics are good, insertion loss is small, and the elastic 
boundary wave device which was excellent in mass production nature can be made. 
[0031]Since packaging with the container accompanied by volume increase is not 
needed in order that a Si02 film may work as a protective film of a comb shaped 
electrode, a micro elastic boundary wave device is realizable. For this reason, it 
becomes possible by applying the elastic boundary wave device of this invention to 
the filter of various telecommunications sectors, etc. to realize modular 
miniaturization and highly efficient-ization . 



[Translation done.] 
" NOTICES " 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

^Brief Description of the Drawings] 

^Drawing l]The characteristic figure showing the Si02 film thickness dependency of 
the propagation rate of the elastic boundary wave in a Si02/theta** rotation Y cut X 
propagation lithium tantalate single crystal piezoelectric board. 
[Drawing 2]The temperature profile of the elastic boundary wave in a Si02/theta** 
rotation Y cut X propagation lithium tantalate single crystal piezoelectric board. 
[Drawing 3]The characteristic figure showing the electromechanical coupling 
coefficient of the elastic boundary wave in a Si02/theta** rotation Y cut X 
propagation lithium tantalate single crystal piezoelectric board. 

[Drawing 4]The top view of the 1 opening resonator which formed the Si02 film on the 
lithium tantalate single crystal piezoelectric board, and provided the comb shaped 
electrode in the interface. 

[Drawing 5]The sectional view of the 1 opening resonator which formed the Si02 film 
on the lithium tantalate single crystal piezoelectric board, and provided the comb 
shaped electrode in the interface. 

[Drawing 6]The top view of the 2 opening resonator which formed the Si02 film on the 
lithium tantalate single crystal piezoelectric board, and provided the comb shaped 
electrode in the interface. 
[Description of Notations] 

1 -- The propagation rate of the elastic boundary wave of theta=144, 2 -- The 
propagation rate of the elastic boundary wave of theta=130, 3 -- The propagation 
rate of the elastic boundary wave of theta=120, 4 -- The propagation rate of the 
elastic boundary wave of theta=110, 5 -- Bulk wave propagation speed of Si02 
calculated from the simulation, 6 -- h/lambda = |TCD| of the elastic boundary wave 
of one, 7 -- |TCD| of the elastic boundary wave of h/lambda =1.5, 8 -- h/lambda = 
I TCD | of the elastic boundary wave of one, 9 [ -- Si02 film. ] -- |TCD of the 
elastic boundary wave of h/lambda =2.5, 10 -- A lithium tantalate single crystal 
piezoelectric board, 11 -- A comb shaped electrode, 12 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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DRAWINGS 

[Drawing 1] 



[Drawing 2] 



[Drawing 3] 
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[Drawing 4] 
[Drawing 5] 
[Drawing 6] 
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